INTRODUCTION
Training in invasive procedures, such as lumbar puncture (LP), thoracentesis (TC), paracentesis (PC), arthrocentesis (AC), and central venous catheterization (CVC), has traditionally been a vital part of Internal Medicine education. 1 As recent data show that General Internists in practice still commonly perform such procedures, 2 it is important that training render residents competent and comfortable in doing them; however, this often does not occur. [3] [4] [5] [6] [7] Many residency directors judge that many Internal Medicine residents fail to master routine procedures, 8 and Internal Medicine residents often feel uncomfortable with their procedural skills. 5, 7 A modest literature addresses methods of teaching physicians in training to perform procedures. 6, 7, [9] [10] [11] [12] [13] [14] [15] Three main interventions are described: (1) didactic teaching, (2) supervised practice on mechanical models or cadavers, and (3) performing procedures on patients under direct supervision by experienced faculty. No prior published study used more than 2 of these educational interventions, and most applied the interventions for quite brief intervals. We created a comprehensive medical procedure service rotation of 2 weeks duration, combining didactic teaching, practice on mechanical models, and procedures supervised by faculty. We hypothesized that rotating through this service would improve residents' comfort, and self-perceived knowledge in performing invasive bedside procedures.
NEEDS ASSESSMENT
As a prelude to revising procedure training in our residency program, toward the end of the residency year we anonymously surveyed 153 Internal Medicine residents in 4 programs in the Midwestern United States regarding invasive procedures including lumbar puncture (LP), abdominal paracentesis (PC), thoracentesis (TC), and central venous catheterization (CVC) via subclavian, internal jugular, and femoral routes. We queried the number of procedures performed, frequency of supervision, comfort level, and use of sterile technique. For CVC insertion, we asked about full sterile barrier precautions:
"Have you been taught that the current recommendations on sterile technique for bedside insertion of CVCs include use of all of: mask, hat, sterile gloves, sterile gown, a full-size sterile sheet, and chlorhexadine skin prep?" With respect to documentation, we asked how often they included notations in their procedure notes about consent, indication for procedure, equipment used, technique, details of anesthesia, number of needle passes, and complications.
By the end of residency, the 52 postgraduate year (PGY) 3 residents reported performing a median of 7.5 procedures each for PC, TC, and LP, and 35 for CVCs. Supervision by faculty or subspecialty fellows was limited; 77% of all residents reported that such supervision occurred rarely (≤25% of attempts) for CVC. This fraction was 60% for LP and PC, and 33% for TC. Although 56-92% of PGY3s in the final months of their residencies reported feeling comfortable performing the various procedures, 31-52% of them wanted more training in them. Only 52% of residents reported knowing the Centers for Disease Control and Prevention (CDC) recommendations for full barrier precautions when inserting CVCs. 16 When inserting CVCs, only 55% reported that they always or almost always used full barrier precautions, with no significant difference between the residency years. Twelve percent of residents did not routinely write procedure notes after successful procedures, and 39% did not routinely write them after unsuccessful procedures. Sixty-three percent almost or almost always included details of informed consent in their procedure notes, whereas 55% included indication, 32% included the number of needle passes, and 82% included complications.
Our findings regarding comfort level are similar to previous reports where 10-32% of residents were uncomfortable doing CVC, LP, PC, or TC, compared with 8-42% in our study. 7, 5 Prior studies found that most residents were uncomfortable performing these procedures even after doing 5 of each. Lack of supervision is reported to be the largest source of residents' procedure discomfort, 7 and supervision was rare in our study.
The findings from this survey informed the design of our medical procedure service; we focused particularly on sterile technique, supervision, and medical documentation.
METHODS
Study data were collected prospectively in a 520-bed urban, county-owned, university-affiliated teaching hospital located in the Midwestern United States, between July 2004 and May 2005. Categorical PGY 2, 3, and 4 Internal Medicine (IM) and medicine-pediatrics residents participated in the study. In July 2004, the inpatient medical procedure service (MPS) team began operating. It consisted of 1 faculty physician expert in performing bedside invasive medical procedures, either a Critical Care physician or a Hospitalist, and 1-3 residents who were PGY 2, 3, or 4. As part of the program's core curriculum, the rotation lasted 2 weeks with all residents scheduled to rotate through it once during their training.
The MPS team performed nonemergent procedures (LP, PC, TC, AC, and CVC) during weekday afternoons for Internal Medicine inpatients, including in the intensive care wards. The departmental leadership and faculty agreed to giving the MPS the first option for such procedures. The MPS identified these procedures by visiting each primary team in the late morning, or by being paged by primary team residents.
Once called, the MPS team was responsible for the all aspects of the procedure, including informed consent, performing the procedure, handling the samples, and assessing any postprocedure imaging. An MPS resident was the primary operator during the procedure; if he/she was unable to successfully complete the procedure a different MPS resident or faculty physician completed it. The other MPS residents typically observed procedures for which they were not the operator. The faculty physician supervised all procedures, and provided immediate and postprocedure feedback to the residents.
Simultaneous with creation of the MPS, we used our computerized medical record program (EPIC, Epic Systems Corporation, Verona, WI, USA) to implement standardized procedure notes that minimized the need to type in free text by utilizing preformatted, drop-down lists. These procedure notes included all elements recommended by the faculty, hospital legal department, and Joint Commission on the Accreditation of Healthcare Organizations (JCAHO). The MPS residents maintained a central log of all procedures performed by the MPS.
The MPS combined didactic teaching, practice on mechanical models, and faculty-supervised procedures. The MPS had a designated room equipped with a television/VCR, videotapes, procedure mannequins, and a computer with internet access. The didactic components were concentrated in the first week of the rotation. On each of the first 5 days the residents received a 60-minute lecture created by the MPS directors, viewed commercially available, instructional video recordings covering each procedure, and were taught how to use the procedure mannequins (Nasco, Modesto, CA, USA; Pacific Research Laboratories, Vashon, WA, USA). The first lecture discussed general aspects including informed consent, safety, infection control, and procedure documentation. The other lectures detailed each procedure including indications, contraindications, mechanical technique, antiinfection precautions, and complications. The faculty member would typically demonstrate the procedure on the mannequin and then observe the residents in its use until satisfied that they were correctly performing the maneuvers; no fixed number of supervised repetitions on the mannequins were mandated. Residents also were provided with an instructional reference book for bedside invasive procedures. 17 After these educational activities, the team performed actual procedures as discussed. No formal assessment of residents' knowledge was performed before performing supervised procedures on patients. All MPS activities involving the faculty physician took place in the afternoons; in the mornings the MPS residents were strongly urged to practice repeatedly on the mannequins, and to review the lectures, video recordings, and textbook. No fixed number of unsupervised repetitions on the mannequins were mandated. They also used the mornings to each prepare a weekly 15-to 30-minute oral presentation on procedurerelated topics.
We assessed the impact of the MPS on residents using 3 surveys. To assess the immediate influence of the MPS, those who rotated through it completed preservice and postservice surveys. The pre-MPS survey was administered on the first day of the MPS rotation before teaching occurred; the post-MPS survey was administered on the final day of the rotation. Residents answered questions about their age, gender, year of training, and residency details. For each procedure, they reported their comfort on a 5-point Likert scale, and answered a Yes/No query about whether they want more training and education. Also using a 5-point scale, the trainees reported their self-perceived level of knowledge about the following aspects of invasive procedures: indications, complications, procedure notes, sterile technique, and insertion techniques. A separate question asked whether the resident knew the CDC guidelines about aseptic techniques for the prevention of intravascular catheter-related infections. The post-MPS survey also inquired about the value of each element of the rotation.
Toward the end of the 2004-05 academic year we anonymously surveyed all PGY 2, 3, and 4 residents to evaluate retention of comfort performing the procedures, and to compare comfort levels between residents who rotated through the MPS versus those who did not. Because this survey was anonymous, comparisons of responses from the post-MPS and year-end surveys were done using unpaired statistical tests. The year-end survey did not ask about arthrocentesis.
Residents were defined as being comfortable performing a procedure if they rated their comfort as a response of 4 (moderately comfortable) or 5 (very comfortable) on the 5-point scale. Continuous data were summarized using the median and interquartile range. Exact symmetry tests were used to compare the paired pre-MPS and post-MPS variables. Fisher's exact tests were used for unpaired comparisons. P values ≤0.05 were considered significant. Statistical analysis was performed using Stata 9.1 (StataCorp, College Station, TX). The study protocol was approved by the hospital's Institutional Review Board. Before their MPS rotation, 26-74% of residents reported being comfortable performing the various procedures; this was lowest for subclavian CVC and AC, and highest for LP and PC (Fig. 1) . After completing the MPS, this parameter rose by 15-36% (Fig. 1) . The improvement was not statistically significant for AC, and was of borderline significance for CVC in the internal jugular and femoral veins (each p=.07). After rotating on the MPS, the percentage of residents who wanted additional training declined significantly for all procedures by 26-51% (Fig. 2) .
RESULTS

Forty
Before the MPS rotation, residents had a high self-perceived knowledge about the elements of invasive procedures; the median was 4 on a 5-point scale for all aspects of procedures except insertion techniques where the median was 3. After the MPS rotation, median self-perceived knowledge increased to 5 for all aspects of procedures except insertion techniques where it increased to 4 (all p<0.001). Before their MPS rotations, 69% of residents reported being taught the current CDC recommendations for preventing intravascular catheter-related in- Residents rated all elements of the MPS as helpful in learning invasive procedures. Specifically, 95-97% of residents rated lectures, instructional videos, practicing on the mannequins, and direct supervision by the faculty physician as moderately or very helpful. Only 59% of residents rated the reference book as moderately or very helpful.
Fifty-eight of the 59 eligible residents completed the academic year-end survey, of whom 40 (69%) had rotated on the MPS. Among these 40 was the resident who had been excluded from the pre-post MPS survey comparison; the anonymous nature of the year-end surveys precluded us from identifying and excluding this individual from comparisons between the year-end and pre-MPS surveys. During a mean interval of 5 months between their MPS rotations and the year-end survey (IQR 2-7 months), the MPS-related gains in procedure comfort were maintained (Figs. 1 and 2 ). For all procedures assessed at year-end, comfort levels were similar or higher than at the end of the MPS rotation, with the same or fewer residents saying they desired more procedure education. To assess whether residents who had not experienced the MPS had "caught up" with the passage of time, we compared yearend responses of the subgroups which had versus had not experienced the MPS. There were no significant differences between the subgroups regarding PGY year, gender, medical school location (US vs international) and having medical experience after medical school but before the current residency. Except for paracentesis, comfort levels at year-end were significantly higher among residents who rotated through the MPS than among those who had not (Table 2) . Similarly, MPS residents were significantly less likely to desire further training in all of the procedures. At year-end, residents who had not rotated on the MPS responded similarly to MPS residents before their MPS rotation.
At the year-end survey, 100% of residents in the MPS group reported being taught the current CDC guidelines to prevent intravascular catheter-related infections, compared with two thirds of the residents who did not rotate on the MPS (p<0.001). When asked about actual practice, 75% of residents who completed the MPS reported always or almost always using a full-size sterile sheet when performing CVC, versus 28% of those who had not completed the MPS (p<.001).
DISCUSSION
We developed and implemented a novel clinical rotation for Internal Medicine residents whose goal was to improve education and training in performing the invasive procedures frequently done by Internists. This intervention improved residents' comfort and self-perceived knowledge related to procedures, with benefits maintained at least to the end of the academic year. The rotation also increased the selfreported utilization of recommended antiseptic precautions for inserting CVCs.
It is noteworthy that substantial improvements occurred despite residents performing a mean of only 8.3 procedures while on the MPS. Perhaps only a few procedures attempts are needed to improve a physician's comfort; whereas 1 report suggested that this may be true, 18 others have not. 5, 7 Also, the residents may have learned from observing their fellow MPS residents performing additional procedures. Or perhaps the opportunity afforded the MPS residents to practice extensively on the anatomically correct mannequins is the explanation. The MPS was designed as a half-day activity to allow the residents to spend considerable time over the 2 weeks practicing on the mannequins. However, we believe the observed improvements were a result of a combination of the lectures, instructional videos, practice on mannequins, and supervision of all aspects of this learning experience by expert faculty physicians. The finding that each of these MPS components was rated as moderately or very helpful by >95% of the residents supports this interpretation. As Wigton 19 has suggested, the technical aspects of procedures are not difficult to learn, and the cognitive aspects of procedures are just as important. The structure of our MPS emphasized both aspects. Indeed, it is the comprehensive, multifaceted nature of our procedure service that distinguishes it from prior interventions to improve procedure education. The MPS model is more akin to the personalized instruction that surgical residents receive in the operating room than it is to traditional classroom learning, or to the worrisome "learn one, do one, teach one" paradigm. Whereas some combined didactic education with practice on mannequins or cadavers, [9] [10] [11] [12] [13] 15 and others combined didactic education and direct faculty supervision, 7, 20 we are not aware of any prior studies that combined all these modalities. In 3 studies assessing the value of 1-to 2-day workshops combining didactic teaching with practice on cadavers or mannequins, procedure knowledge increased by 15-20%. 11,12,15 A 1-day didactic course on infection control increased residents' use of full-size sterile sheets during CVC by 21%. 6 Two studies evaluated direct supervision of invasive, bedside procedures by faculty. Although only a slightly higher fraction of Internal Medicine residents were comfortable performing invasive, inpatient procedures under direct faculty supervision (53% vs 46%, p=.13), such supervision was associated with a significantly higher odds ratio (OR) for comfort in a multivariable analysis (OR=1.9, 95% CI, 1.1-3.4). 7 Ramakrishna et al.
evaluated the self-rated competency of PGY2 Internal Medicine residents who completed 10 hours of CVC experience in the cardiac catheterization laboratory directly supervised by cardiologists. 14 Scored on a 5-point scale, the residents' mean self-rated competency rose from 2.8 to 4.4 (p<0.001); however, at the end of residency, self-rated competency did not differ between those who had, and had not, completed that experience (4.1 vs 3.7, p=0.26).
Our study has 2 main limitations. First, it was a single center study, and although problems in procedure training are common, 5, 7 other studies confirming our results are indicated.
Second, our outcome measures were subjective and secondary in nature. Few studies about procedure training have assessed the most relevant outcomes, procedure-related complication rates, and these have been limited by before versus after study design lacking a contemporaneous control group. A study that combined didactic education with practice on cadavers observed a significant 42% decline in the rate of CVC-related pneumothorax. 10 A didactic intervention on infection control was associated with a 35% fall in the rate of CVC-related bloodstream infections. 6 A small number of studies assessed the value of interventions to improve trainees' procedure competency as rated by faculty observers. 9, 12, 13 We have 2 additional comments about our findings. First, a lower desire for more training may not be desirable among either trainees or practicing physicians. In fact, we queried desire for more procedure training in the context of questions about comfort and experience levels. Thus, it seems likely that the respondents were considering their desire for more procedure training in terms of wanting more training to feel comfortable performing them. The strong inverse relationship observed between comfort and desire for more training supports this interpretation. Second, between the post-MPS and academic year-end surveys, residents' comfort in performing CVCs by the internal jugular and femoral routes significantly rose (Fig. 1) . Speculative explanations could include post-MPS consolidation of knowledge and experience, random statistical fluctuations, and others.
The cost of our MPS could be an obstacle to widespread implementation. The initial cost of purchasing the equipment was under $5,000. Ongoing capital expenditures to maintain the MPS amount to under $1,000/year, mainly for mannequin replacement parts. The main cost of this intervention is salary for the half-time effort of a faculty physician. However, before implementing the MPS, as indicated by the preliminary 4-center survey discussed above, faculty supervision of procedures was rare, limiting collection of professional fees for procedures. The salary support required for the MPS was partly offset by new, professional fee reimbursements; using our hospital's Medicare reimbursement rates, this amounted to $63,253 over the first year of operation. If, as could be expected, the MPS resulted in reduction in procedure-related nosocomial complications such as infections and pneumothoraces, 6 , 10 additional savings would further offset the cost of staffing the MPS. In 2006, the American Board of Internal Medicine eliminated the requirement that residents be taught how to perform any of the procedures we studied. 21 Whereas recent data show that the spectrum and number of procedures being performed by General Internists in the United States has declined, approximately one quarter still perform LP, PC, TC, and CVC. 2 Yet, even in an earlier era when Internists more regularly performed these procedures, 18 residency procedure training was often inadequate. 8 The new requirements will almost certainly cause further deterioration of procedure skills, possibly increasing risk to patients. The alternative, that General Internists will refer such procedures to invasive radiologists, is not a widely available option, 22 especially in the smaller centers where Internists most commonly perform them. 2 If Internists entering Hospitalist practices or subspecialty fellowships are not trained to do basic invasive procedures during their residencies, those programs will have to create structures to supply the needed training. The question of how to best teach procedures is important, 3, 23 but has been inadequately studied. Our study showed that a comprehensive, multifaceted, inpatient medical procedure rotation of 2 weeks duration for Internal Medicine residents resulted in marked improvement in their comfort and self-rated knowledge performing invasive procedures. Although additional work must be done to more fully evaluate the effects of this intervention, it could serve as a model for other programs.
